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Abstract 
Oscillations in the financial market during the subprime crisis brought about a rise in volatility and fall of the prices of 
assets, in addition to increasing the degree of common movements among markets. This paper surveyed the contagion 
effect of the international financial crisis on the indices of Brazil’s stock market, from the study of the pattern of 
alterations of the correlations estimated between indices of Brazilian and American stock market. The empirical analysis 
was based on the multivariate GARCH - BEKK models. The results showed that the structure of the estimated correlations 
between the years 2007 and 2010, showed clear evidence of contagion in the indices at issue. In the period of the 
international financial crisis, there was an increase of the correlation between the indices of the U.S. and Brazilian 
markets, such a result being corroborated by the structural break test. The Financial Index presented the greatest percent 
rise  in the correlation between the pre - crisis and crisis periods, reflecting the scarcity of domestic and foreign credit 
during the period of financial instability. 
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1. Introduction 
The process of economic globalization, which has led to the globalization of the economies gained strength 
with financial globalization. The deregulation of financial markets, especially after the collapse of the Bretton 
Woods system in the 70s and the development of new information and communication technologies 
contributed toward the intensification of this process over the past decades. 
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The intensification of financial globalization has been accompanied by increased global economic 
instability. As Terra and Soihet (2006) stand out, the rise of international capital flows associated with the 
occurrence of crises of financial character on a worldwide scale, attracting the interest of investigations as to 
the degree of exposure of the countries to financial shocks in the global economics. The Mexico crisis (1994), 
the Asia crisis (1997), the Russia crisis (1998), the currency crisis in Brazil (1999) and the crisis in the 
Argentina (2001) had not their effects concentrated strictly within the borders of the countries of origin. 
Rather, the negative effects were rapidly transmitted to other markets, many of which with few commercial or 
financial links. 
Recently, the subprime crisis started in the U.S. financial market in 2007, was the most intense among 
those occurred in recent decades, whose effects have spread to most countries, including the emerging ones. 
According to the report of the International Monetary Fund (2008), World Economic Outlook, the 
international financial crisis was the most serious since the 1930s, leading the world economy to a drastic 
slowdown. 
The intensification of the international financial crisis in mid-2008 and the increased aversion to risks and 
preference for liquidity on the part of foreign investors, cause the Brazilian economies to witness a sudden 
movement of capital flight due to the increased uncertainty in the emerging markets, impacting the real and 
the financial side of that economics. The capital market was the target of the significant outflows of capitals 
coming from the international crisis, resulting mainly into the occurrence of greater volatilities in the returns 
of the assets dealt in that market. The IBOVESPA, an indicator of the average performance of the Brazilian 
stock market, showed a significant increase of the monthly volatility in September and October of 2008, about 
100 %, according to BM&FBOVESPA data (2011). 
The increase in volatility in the Brazilian market in this period could be observed in various segments of 
the stock market. According to the BM&FBOVESPA data (2011), the annualized monthly volatility of the 
Real Estate Index (IMOB) and the Financial Index (INFC) in mid- September of 2008, was about 130 % and 
120 %, respectively. It was also possible to identify an increase, to a lesser extent, in the returns of the 
Industrial Sector Index (INDX) and Consumption (ICON), in part due to the contraction of economic activity 
on a global scale and the contraction of the world demand. The indices of the Electrical Energy (IEE) and 
Telecommunications (ITEL) sectors, for being less exposed to macroeconomic instabilities, they did not suffer 
significant increases in their volatilities when compared to the others. 
The oscillations in the global financial market volatility caused elevation of the volatility and fall of the 
prices of assets, a fact which caused an increase in the risk and uncertainties associated with them, in addition 
to increasing the degree of common movements among the stock markets due to the transmission of shocks 
from the crisis among the countries, enhancing contagion episodes among economies around the world†. 
The studies turned to contagion in emerging markets are relevant, as stated by Stiglitz et al. (2006), since 
the volatility in these economies in the context of international capital flows tends to be higher than those in 
developed markets. This fact, coupled with financial deregulation, imposes itself as one of the new challenges 
for developing countries in terms of macroeconomic policy, as suggested by Lann (2008). White (2000) states 
that the importance of the study of crises is in finding ways to prevent them, ways to act on them and to 
present solutions to them 
Three points are emphasized in the literature regarding the importance of the contagion study related to the 
financial market crisis: i) implications in portfolio management and processes of international risk 
 
 
† In relation to the term contagion, there is not in the literature a consensus as to its definition, there not being, therefore, a procedure of 
theoretical or empirical identification on which the researchers are unanimous. In the next section, the definition and the method of 
empirical identification utilized in the present work will be presented. 
193 Douglas Marcos Ferreira and Leonardo Bornacki de Mattos /  Procedia Economics and Finance  14 ( 2014 )  191 – 200 
diversification; ii) providing subsidies to policymakers and; iii) effectiveness of interventions of international 
financial institutions in crisis scenarios. 
Several authors have attempted to analyze the contagion effect to emerging economies, such as the studies 
by Edwards (1998), Forbes and Rigobon (2000) and Kim et al. (2001), among others. In relation to the works 
developed for the Brazilian economy on the international contagion arising from the subprime crisis, Tabak 
and Souza (2009) can be cited, whose focus took place in the contagion among the banking systems of 48 
countries and Santos and Pereira (2011), who analyzed the contagion among financial market indices of the 
United States, Brazil, Japan and England through the copula approach. 
This article intends to analyze the contagion effect of subprime in the Brazilian stock market crisis. 
Specifically, we seek to investigate whether the shocks that occurred during the crisis impacted the various 
segments of shares with the same intensity. Unlike the study by Santos and Pereira (2011) who restrict their 
analysis to the IBOVESPA, the present work focuses on the contagion, coming from the U.S. subprime crisis 
upon the sector indices of the stock market in Brazil. Such an innovation is relevant, since the disaggregated 
analysis among the various segments that comprise the Brazilian stock market allows analyzing the pattern of 
responses to these actions as to the contagion, serving as a guide for policymakers as to the possibility of 
different sectoral impacts, in addition to guiding the decision-making process of investors and contributing to 
greater understanding of the domestic financial market. 
Besides this introduction, the article is divided into other three sections. The second section is reserved for 
methodology, with the description of the econometric models used and the database. In the third section are 
presented and discussed the results. The fourth section concludes the work. 
2. Methodology and Database 
The empirical analysis proposed in this article is based on the models of conditional volatility, particularly 
on the multivariate GARCH (General Autoregressive Conditional Heteroscedastic). Following the 
specification proposed by Baba - Engle - Kraft - Kroner , the GARCH - BEKK models are estimated in order 
to study financial contagion between the U.S. stock market and sectors of the Brazilian stock market, whose 
proxies are the Standard and Poor 's 500 Index (S&P500) and sectorial  indexes of the Stock Exchange 
BM&FBOVESPA, respectively. The indexes concerning Brazil's stock market are Electric Power Index 
(IEE), Telecommunications Sector Index (ITEL), Consumption Index (ICON), Industrial Sector Index 
(INDX), Real Estate Index (IMOB) and Financial Index (IFNC). As emphasized by Bauwens et al. (2006), the 
study by means of multivariate approach allows the obtaining of more consistent analyses and empirical 
models compared to the univariate approach. 
It is worth standing out that each specific technique to be used is interlinked to one of the definitions of the 
term contagion. Thus, the models of the GARCH family have been used in studies investigating the presence 
of contagion via significant changes of the dependence structure among a set of financial market returns. 
According to Dungey et al. (2004), contagion has the effect of causing structural changes during the periods 
of crisis in the conditional variances and covariances. Therefore, it is possible to test such a hypothesis by 
comparing the structure of the correlations among different periods, determine whether there is evidence of 
structural break in the estimated correlations over the crisis period of the subprime. 
 
2.1.  Multivariate GARCH – BEKK Model 
The specification of the GARCH - BEKK model is given by: 
ܪ௧ ൌ ܥᇱܥ ൅ σ ܣ௞ᇱ௄௞ୀଵ ߝ௧ି௞ߝ௧ି௞ᇱ ܣ௞ ൅ σ ܤ௞ᇱ௄௞ୀଵ ܪ௧ି௞ܤ௞                                       (1) 
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In which Ht is a matrix of N x N covariance between the returns of the index of the Brazilian stock market 
(Energy Index, Telecommunications Sector Index, Consumer Index, Industrial Sector Index, Real Estate Index 
and Financial Index) and the index of the U.S. stock market (Standard & Poor's 500 Index), definite positive 
and measurable with respect to the set of information at the time t – 1. The residues of the error correction 
vector or innovation vector are given by tH , C is a lower triangular matrix, Ak and Bk are parameter matrices   
N x N. The decomposition of the constant term, C, into a product of two triangular matrices ensures that Ht is 
positive. 
2.2. Testing the contagion hypothesis via structural break in correlations 
In order to check whether there is evidence of structural breaks associated with the financial crisis of the 
subprime estimated by the GARCH - BEKK correlations, the proposed procedure Wooldridge (1990, 1991) 
will be used. This procedure tests the predictive power of a variable determined on the residues of the 
estimated model.  According to the exposure of Marçal (2008), the test may be performed as follows. Defining 
the residues generalized by 1)/( 2  ttt hHI ; 1gtO , an indicator variable, as being the candidate variable to 
have predictive power over the residues;   )/( ttt hhE TTI { , as being the value expected from the 
gradient of the generalized residues of the estimated model calculated on the null hypothesis. Once presented 
the variables to be used to test the contagion hypothesis, the following steps should be used the following 
steps to obtain the test statistic: 
i) From a consistent estimate of T , the residues are calculated in the way suggested above, the gradient and 
the indicator variable ; 
ii) The regression of the indicator variable is conducted (O ) in the gradient by calculating the respective 
residues; 
iii)The regression of a vector of some on the product of the residue generalized by the residue of the 
regression of item (ii) calculating SQRTRT u  2* . 
This statistic has an asymptotic chi-squared distribution with degrees of freedom equal to the number of 
indicator variables used in step (ii). 
The following indicator variable, > @subprimet D 11O , was used in the specification test to check for the 
instability in the structures of correlations during the period of the subprime crisis. Thus, Dsubprime is a dummy 
variable referring to the international financial crisis. Regarding the initial date, the date 15/09/2008 referring 
to the break of the Lehman Brothers bank was chosen. 
 
2.3. Description and data source 
The database used in the research consists of the returns of the indices of the Brazilian and American stock 
market. These indices are the Electric Power Index (IEE), Telecommunications Sector Index (ITEL), 
Consumption Index (ICON), Industrial Sector Index (INDX), Real Estate Index (IMOB) and Financial Index 
(IFNC), all referring to the Brazilian stock market and the Standard & Poor's 500 index, referring to the U.S. 
stock market. The observations are daily, referring to the period between the days 01/03/2007 and 12/30/2010, 
resulting in 1042 observations. All data series in relation to the index for the Brazilian and American market 
were obtained on the websites www.bovespa.com.br and www.standardandpoors.com, respectively, where are 
also available methodologies for calculating the indices. 
Due to the fact of being used financial sets of two different markets, Brazil and the USA, in order to obtain 
a full and joint sample of the information contained in the indices of these respective markets, it was chosen to 
perform a combination between the dates of the two countries. Thus, those dates that did not contain 
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observations for both markets simultaneously were eliminated from the sample, a fact which resulted into 964 
observations at the end of this process. 
3. Results and discussions 
Initially, it was necessary to define the period of the global financial crisis. In relation to the initial date of 
the subprime crisis, the use of information of daily newspapers to establish its initial milestone was turned to, 
date associated with the break of the American investment bank Lehman Brothers on the day 09/15/2008. As 
to the end of the crisis, for not having a fact to indicate its completion, a date was chosen on the ad- hoc date 
on the basis of the stabilizing of the volatility of American and Australian indices, the day 01/02/2009. Table 1 
presents a summary of these dates. 
                                      Table 1 - Definition of  the analyzed  periods 
Description Beginning End Amount of observations 
Pre-crisis 01/03/2007 09/14/2008 408 
Subprime Crisis 09/15/2008 01/02/2009 74 
Post-crisis 01/05/2009 12/30/2010 482 
Total 01/03/2007 12/30/2010 964 
3.1. Study of contagion by altering the correlations among the financial assets 
Table 2 presents the results of the contagion test for the Brazilian stock market indices on the basis of the 
structural break of the correlation dynamics estimated by the GARCH - BEKK model. 
Table 2 - Contagion test between the S & P 500 and the Brazilian stock indices during the subprime crisis. 
Index Statistic P-value 
IEE 839,6891 0,00 
ITEL 635,6430 0,00 
ICON 869,186 0,00 
INDX 907,4741 0,00 
IMOB 847,6458 0,00 
IFNC 879,7133 0,00 
                          Source: Research results. 
                          Legend: ITEL – Telecommunication Sector Index, IEE – Electric Energy Index, INDX – Industrial Sector Index, 
ICON – Consumption Index, IMOB – Real Estate Index, IFNC –Financial Index 
Based on the statistics calculated, the null hypothesis of absence of contagion was rejected for all the 
indices of the stock market in Brazil, suggesting that during the subprime crisis, there was a break in the 
structure of the estimated correlations between the U.S. and Brazilian stock markets. 
Once identified the contagion in the stock market of Brazil, it becomes relevant to analyze the specificities 
inherent to each structure of estimated correlation. Thus, through the estimation of the conditional correlation 
between the markets, it becomes possible to identify alterations in the pattern of the co-movements among the 
indices investigated. Next, the graphs relating to the estimated correlation between the U.S. market index and 
each index of the Brazilian market in order to enable a more detailed analysis of contagion in each market. 
Figure 1 brings the correlation plot containing the estimated correlations between the S&P 500 and IFNC 
indices. 
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Figure 1 - Correlation estimated by the GARCH - BEKK model (1, 1) between the returns of the S&P 500 
and IFNC during the analysis period. 
Source: Research results. 
The percent increase of the correlation pattern of the markets verified between IFNC and S&P 500 was the 
highest among all the indices studied. The average rise of the correlation was 12.36 %, approximately, 
between the pre-crisis and crisis period, corroborating the effects caused by the abrupt reversal of capital 
inflow for the Brazilian economy during the subprime crisis because of the movements of aversion to the risk 
and preference for the liquidity on the part of international investors. 
The restrictions to the domestic and international credit are outstanding factors of emerging economies, 
affecting mainly the banking sector. According to Freitas (2009), the freezing of interbank and international 
financial markets and the devaluation of the real currency, along the subprime crisis led to the rapid 
deterioration of banks which took out loan, restricting liquidity. According to the study of the BACEN (2009), 
Report of Banking Economy and Credit, one of the effects of the crisis on Brazil was the reduction of 
international credit lines offered to the country. Also according to the report, the lending of external credits to 
the institutions of the National Financial System presented reductions of their balances of $ 46.8 billion, in 
June 2008 to $ 31.5 billion in December 2009. Accordingly, the restriction of internal and external liquidity 
impacted the financial institutions that make up the IFNC portfolio, in which an intense participation of 
financial institutions of intermediation - composed primarily of shares of private banks is observed (Banrisul, 
Itaú/Unibanco, Bradesco and Santander), according to data by BM&FBOVESPA (2011) . 
Figure 2 allows viewing the estimated correlation between the S&P 500 and Real Estate (IMOB) indices 
and thus verifying the increase in the ratio between the indices. 
Figure 2 - Correlation estimated by the GARCH - BEKK model (1, 1) between the returns of the S&P 500 
and IMOB during the analysis period. 
Source: Research results. 
Regarding the contagion for the Real Estate Index, the average rise of the correlation between pre -crisis 
and crisis period was approximately 5%. The fall in real estate sales in the period associated to the lack of 
available credit in the market for the building industries, among other factors, involved heavy losses for 
Brazilian companies of the sector. According to the data of the Brazilian Association of Real Estate Credit and 
Savings (2012), the volume of mortgage loans for the building, acquisition, renovation and building material 
fell by 21.43 % between September and November 2008. According to a study conducted by 
PricewaterhouseCoopers (2008), based on interviews conducted between Executive Directors, financial 
Directors and Superintendents of public companies and large corporations, the building industry was one of 
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the five sectors most impacted by the international financial crisis, the fall of investment being highlighted in 
the sector as a strong enhancer for such purposes. Thus, the stocks of the companies of this segment were 
susceptible to heavy losses in this scenario. 
In short, the fall in the sales of real estates and reduced loans can be identified as possible facts which have 
enhanced the contagion for the Real Estate Index - comprising 60 % of shares related to building and 
engineering companies, according to the BM&FBOVESPA (2011). 
Figure 3 presents the estimated correlation between the S&P 500 and Energy indices. 
Figure 3 - Correlation estimated by the GARCH - BEKK model (1, 1) between the returns of the S&P 500 
and IEE during the analysis period. 
Source: Research results. 
Certain peculiarities caused the Electric Energy Index, whose composition of the portfolio is fully of 
companies related to the furnishing of electric power to present smaller correlations with the U.S. index, 
despite significant drop in this structure throughout the crisis subprime having been identified. As stressed by 
Lucon and Goldemberg (2009), the financial crisis has as a consequence the reduction of economic activity 
closely related to the consumption of electricity. However, the reduction in consumption was not felt in a 
significant way by the industry. As points out the study of the Energy Research Company (2008), company 
linked to the Ministry of Mines and Energy in October 2008, the international financial crisis had not yet been 
reflected in the demand for electricity. 
Another factor that reduces the sensitivity of this sector to financial instabilities is the fact that the prices 
charged by distributors are not related to the quantity demanded and they were fixed by contracts. Thus, the 
greater predictive capacity of profitability of the companies in the energy sector attracts investors who seek 
these shares in unstable scenarios. 
Figure 4 portrays the estimated correlations between S&P 500 and Telecommunications (ITEL) indices, for 
the period of January 2007 to December 2010. 
Figure 4 - Correlation estimated by the GARCH - BEKK model (1, 1) between the returns of the S&P 500 
and ITEL during the analysis period. 
Source: Research results. 
Consisting mainly of shares of landline phone companies, some factors subsidize the fact that ITEL as well 
as IEE discussed above, present a pattern of lower correlation with the U.S. market as compared to other 
Brazilian indices .The purchase of Brazil Telecom by Oi in 2008, added to the record number of mobile 
cellular phones in Brazil, 150 million of mobile cellular phones in December of the same year , according to 
the National Telecommunications Agency - ANATEL (2008), were events to further consolidate this sector in 
the Brazilian economy after its privatization in the mid -1990s. In addition, according to the Sustainable 
Development Indicators - IDS, calculated by IBGE (2010), the proportion of Brazilian permanent private 
households with internet access increased from 8 % in 2001 to 24% in 2008, approximately. 
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Thus, what  was observed throughout the scenario of instability due to the subprime crisis was a greater 
stability for the sector in general, which, coupled with the growth of the sector in the domestic market and to 
the mergers and acquisitions that have occurred, these actions become the companies less sensitive to the 
impacts of the crisis compared to others. 
Figure 5 brings the estimated correlation between S & P 500 and Industrial Sector (INDX) indices. Among 
all indices analyzed, except the IBOVESPA, the Industrial Index is the most diverse, consisting of shares of 
companies operating in various segments of the domestic and foreign market. 
Figure 5 - Correlation estimated by the GARCH - BEKK model (1, 1) between the returns of the S&P 500 
and INDX during the analysis period. 
Source: Research results. 
Based on Figure 5, behavior similar to the other indices analyzed can be observed for the INDX index, 
whose mean of correlation across markets has risen significantly during the subprime crisis - about 8.87 % - 
compared to the pre -crisis period. 
In this context, the devaluation of the Real in September and October of 2008 by 29.6 %, according to data 
from the Central Bank (2011), caused many of the companies using foreign exchange derivatives to 
accumulate heavy losses. Add to that, the effects for the industries related to metallurgy and steel with high 
composition of shares in the index, caused by the decline in steel production due to the slowdown in the global 
demand and the reduction in the price of mineral commodities. 
However, the Food & Beverage segments, which together represent the largest share in the INDX, may 
have mitigated the effects of the international crisis for the Industrial Sector Index. The first of them due to the 
essential character in the composition of the families’ market  baskets and the second for being one of the only 
segments of the industry to experience growth in 2009, approximately 7.1 % , according to the IBGE data 
(2011). Thus, the contagion for Brazil's industrial share segment was significant, however, to a lesser extent if 
compared to the Financial Index . 
Finally, the financial contagion of the subprime crisis to the shares of companies in the consumer 
discretionary sector (clothing, automotive, hotel) and non-cyclic (food and health), which constitute the 
Consumption Index, must be surveyed. Figure 6 shows the correlation between the Consumption Index and 
Standard & Poor's 500 Index. 
Figure 6 - Correlation estimated by the GARCH - BEKK model (1, 1) between the returns of the S&P 500 
and INDX during the analysis period. 
Source: Research results. 
As can be seen in Figure 6, ICON presents a behavior pattern similar to that observed for the Industrial 
Sector Index (INDX) in the magnitude of the increase of the average correlation during the subprime crisis 
(9.45%). 
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The largest part in the composition of the portfolio is completed by ICON shares of companies in the 
Beverages and Processed Foods segment, both with great interest also in the INDX. Therefore, for the reasons 
outlined above owing to the least significant impacts of the crisis for food and beverage companies, a lower 
contagion for the Consumption Index is expected. 
In summary, the co-movements verified between the stock markets of Brazil and the U.S. can be divided 
into three distinct periods according to the estimated correlation. The first of them characterized by lower 
correlations as compared to the crisis period, whose average correlation of all indexes of the Brazilian market 
was 0.70. Throughout the financial crisis, significant increase of the co-movement was observed in all indices, 
with an average value of 0.77. The period of economic recovery that followed in mid-2009 and 2010 was 
marked by reduced correlation in all indices analyzed; for mean values of 0.65, values lower than that 
recorded in the pre-crisis values . In this case, it is worthwhile stressing the importance of countercyclical 
measures adopted by the Brazilian government to minimize the impact of the global economic crisis in various 
sectors. Regarding monetary and credit policies, the reduction in reserve requirements of banks, the reduction 
of the basic interest rate (Selic) and the expansion of the credit offer by public banks attempted to encourage 
investment and private consumption. Regarding fiscal policy, the reduction of the aliquotas of some taxes and 
reduction of the government’s primary surplus target had as a focus the expansionary impact on the aggregate 
demand and employment level. Finally, the various actions to mitigate the impacts of the crisis on the 
exchange sought to maintain a minimum level of liquidity in this market at the height of the crisis 
(TRIBUNAL DE CONTAS DA UNIÃO, 2009). 
4. Concluding Remarks 
Through the use of multivariate GARCH - BEKK models, the contagion of the subprime crisis on the 
Brazilian stock market was studied. In general, the structure of the correlations estimated between the years 
2007 and 2010 showed clear evidence of contagion in all indices considered, since in the period characterized 
by the international financial crisis, there was a significant increase in estimated correlation between the 
indices of the American and Brazilian markets.  
However, the sectoral differences were important in the pattern of increasing correlation observed between 
the indices of the Brazilian market and the S & P500 index. The (IFNC) Financial Index presented the 
greatest percent increase between the pre-crisis and crisis period among all the ones analyzed. The scarcity of 
domestic and foreign credit, which mainly damaged the financial institutions, may be appointed as a crucial 
factor for this phenomenon. For the other analyzed indexes – Indices of Electric Energy (IEE), Industrial 
Sector (INDX), consumption (ICON) and Telecommunications Sector (ITEL) – increase of less magnitude in 
the correlation with the U.S. market was found, suggesting less contagion of the crisis for these indices. 
Factors such as lower elasticity of the energy price in relation to fluctuations in demand, composition of the 
stock portfolios of some indices by company assets of the food and beverage sector, which proved less 
sensitive to the effects of the crisis and growth of the number of mobile phones and broadband services, 
despite the international crisis, were important to mitigate the financial contagion on these stock indices. 
It is important to highlight the importance of works like this in the current context of  debates upon the 
several necessary reforms in the structure of the international financial system, insofar they provide insight for 
understanding how crises can spread to emerging markets in an increasingly globalized and financially 
integrated economy, in addition to serving as a guide for government action and of international institutions in 
the sectors of the economy and of the stock market more sensitive to transmission of financial crises. 
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